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Peptides of Hxman Papilloma Virus for use in tiuman T cell response 
* inducing compositions 

Field of the invention 

The invention is concerned with novel peptides derived from 
Human Papilloma Virus proteins and their use in pharmaceutical 
5 compositions for a prophylactic or therapeutic treatment of himcian 
individuals against Human Papilloma Virus -related diseases such as 
cervical cancer . 

Background of the invention 

10 

Human Papilloma Viruses (HPVs) are inqplicated in the etiology 
of cervical cancer, the fifth most common cancer worldwide and the 
second cause of camcer- related death in women. If also other HPV- 
related cancers are taken into acccount, up to 10% of the 

15 worldwide mortality due to cancer is linked to HPVs. HPVs are 

double stranded circular DNA viruses of about 8 kilobases. Until 
now more than 60 genotypes have been described of which several 
are associated with cancer* 

HPV-DNA can be found in cervical c^splastic lesions and in 

20 cervical carcinomas in which the percentage of HFV positivity 

increases up to 99% when the lesions progress towards malignancy. 
The most impoartant HPV types associated with cervical carcinoma 
are HPV16 and 18 of which HPV16 alone accoxints for more than 50% 
of the HPV positive cervical caxcinomas. 

25 The DNAs of several HPVs have been sequenced. The DNA open 

reading frames can be divided into early regions (E) and late 
regions (D . The E regions are coding for proteins needed for 
^ virus replication and transformation. The L regions encode viral 

capsid proteins. The E6 and E7 proteins are involved in the 

30 pathogenesis of HPV- induced abnormal cell proliferation and these 
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^ in tissue or tumor cells . obtained from 
genes are expressed -^.^^^^'^ ^ infection, 
cervical cancers -^^^^^^^^''^^Z^^ HPVl. and H^X8 are 

in additxon, tHe ^^^^^ J transformation in the cell 
capable of inducing ^P^^^^^""^/"^^, ^PV genes indicating that at 

3 culture -t.^^-^^^^ 

least part of ^he sta^ proteins, 
infection is due to the ^6 and ^^^.^^ i^ortance xn 

Ciftotoxic T Whocytes in^e surveil- 

tne resistance against virus ^^"^^ . ^ ^ Kast and Melief , 
.0 lance against virus-inauced tumors ^^^^^^^ .^cognize 
1991) . CTL specific for ^^"^^ °^ ^ 9 amino acids in 

Short Viral P—^-^^^^thelltSen presenting groove of majo. . 
length, that axe hound to ^^^^^/^ „«,iecules (reviewed by 
Ixistocompatil^ilitY coirs.lex (^^) c ^^^^^ 

IS Kast and Melief , 1S9X) . ^--"^^ ^ antigen- specific CTL was 

^ccl^tion with and to delay tun^r growth 

Shown to ^^^^r^ relief, I99i. and by neinholdsson- 

in mice (reviewed by Kast anu 

Ljunggren et al. , 199^ ^ i^tification of viral peptides 
^"==^^"\^.t^C class X molecules by using the 
tsat bi^ to the groove of i74CEk.T2 generated and 

antigen processing ^^^^^^l^'^^^^^l^ Cresswell. 1986) . T^is 
provided by P. Cresswell (see ^^^^^ HLA-BB 
cell line expresses t^e^u^ -c c^ss^^^ ^^^^^^ 
25 alleles of which only the HIA A2 i stabilized on the 

partly ^ty and unstable molecules t^t -a ^^^^^^ 
cell surface with exogenously -^^^^^^ e:.pression of 

peptide results an ^^^^^^ peptide binds to the 
tiais MHC molecule, this ^Ixes , p^ssil^le 

30 groove Of the ^'^'^ J^'-^^l^^Z Z.-^^- -^ecule is the 
candidate to be -cognx^ed ^ C^- ^^^^^^ ^^^^^ 

most frequent HIA molecule present ^ expresses this 

caucasoid population, i^out 50% of thxs pop 

allele. ^ ^j^^ E6 and K7. proteins of 

„sinc, th. =.:dBO acid °^ ^^^.a all P=ssll=le 

and HWia (seeaorf et al., IMS) we g 
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nonapeptides (i.e. 9 amino acid long peptides) overspanning the 
entire E6 and E7 region. Every amino acid was used as a start 
amino acid for these 9-mer peptides- Every peptide was subjected 
* individually to the above test to determine its capacity to bind 

5 to the HLA-A2.1 molecule. With respect to HPV16, we identified in 
total 10 peptides in the HPV16 E6 region and 8 in the HPV16 E7 
region which bound to the HIA-A2.1 molecule in the above test. 
With respect to HPV18, in total 9 peptides in the HFV18 E6 region 
and 5 in the HPV18 E7 region were identified in the above test to 
10 bind to the HIiA-A2-l molecule. This implies that important 

candidate peptides of HPV16 and HPV18 for use as a vaccine in HIA- 
A2.1 positive hiamans have been identified. 

• By using a second approach, we succeeded to expand the list 
of HIiA-A2*l binding HFV peptides a little further and to determine 
15 HPV16 E6 and E7 peptides binding to other HLA molecules, viz. to 
the HIiA-Al, HIiA-A3.2, HIA-A11.2 and HLA-A24 molecules. Said second 
approach consisted of a coopetitive immunochemical peptide -MHC 
binding assay using purified class i molecules and radiolabeled 
consensus peptides. 

20 

Summary of the invention 

An object of the present invention is to provide synthetic 
peptides which can be used for prevention, prophylaxis, therapy 
25 and treatment of cearvical carcinoma and/or adenoma and other HPV- 
related, in particular HPV16- and/or HPV18- related diseases. 

Another object of the invention is to provide a method of 
prophylactic or therapeutic treatment of cervical carcinoma and/or 
adenoma and other HFV- related, in particular HPV16- and/or HPV18- 
30 related diseases. 

A further object of the present invention is to provide 
pharmaceutical compositions which can be used for prevention, 
'* prophylaxis, therapy and treatment of cervical carcinoma and/ or 

adenoma and other HFV- related, in particular HPV16- and/or HPV18- 
35 related diseases. 
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. a peptide cQn?)rising an amino acid 

sequence derived from a P^°t^^ ability t° bii^d ^o a 

serein said a:ni^ ,^C) Class X ^.lecule. 

^ «.jor Histocon^at^xlxj ^^^^^^^^ ^^^^^^^ ^^^^a 

oaxe present, n^nventxon also P ^ 

from tue amino acid sequence of molecules, 

HPV18 «hich, because of Hl^-Ali.2 or HlA-i^4 

sucb as e.g. ttxe HIA-A2.1,:^H^-. ^ ^^^^ ^ ^ecines 

r.t; sr:^:-"^— --^ ---- 

j,B^eaEical =c»pos^t.=n^, as of HSV16- and/or 

from d^biticn of "^^^^^^f^", invention, said amino acid 
„ a prefarred B^IS. in another 

preferred embodiment or x;iie j-ix 

„ ^ «B= =^^^^^^3'^;l;. prides a peptide 

More specifically, tnis f^^m protein E6 or ET? of 

comprising an amino acid sequence a ^ ability to bind to 

. ar-tfi seouence nas tae a*^* 



25 



Iruman MHC Class i 


allele 


consisting of : 




M4FQDPQER 


(residues 




{residues 


QLtCTELQTT 


(residues 


LCTELC?m 


(residues 


ELQTTIHDX 


(residues 


LQTOIHDII 


(residues 


TIHDXII*EC 


(residues 


IHDIILECV 


(residues 


CVYCKQQIiL 


(residues 



7- 15 of HPV16 protein E6) 
IS- 26 of HPV16 protein E6) 
•>i - 2^ of HPV16 protein E6) 
QI^CTELQ^r Cresioue. ^.^tein E6) 

,,^yvmrr (residues 22 30 oi 

25- 33 of HPV16 protein E6) 

26- 34 of HPV16 protein E6) 

29- 37 Of HPV16 protein B6) 

30- 3a of HPV16 protein E6) 
I^IXLECV -=^^3 '3 . ,, ,, H^xe protein E61 
r^tTv-mrnnT.T , ( resxoues ^ ^ 
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FAFRDLCrV 


(residues 


52- 


60 


Of 


HPV16 


protein 


E6) 


KISEYKHYC 


(residues 


79- 


87 


of 


HPV16 


protein 


E6) 


PLCDLIilRC 


(residues 


102- 


110 


of 


HPV16 


protein 


E6) 


TTiHEYMLDIj 


( residues 


7- 


15 


of 


HPV16 


protein 


E7) 






11- 


19 


of 


HPV16 


protein 


E7) 


MLDLQPETT 


(residues 


12- 


20 


of 


HPV16 


protein 


E7) 


RLCVQSTHV 


(residues 


66- 


74 


of 


HPV16 


protein 


E7) 


TLEDLtliMGT 


(residues 


78- 


86 


of 


HPV16 


protein 


E7) 


LliMGTLiGIV 


(residues 


82- 


90 


of 


HPV16 


protein 


E7) 


GTLGIVCPl 


(residues 


85- 


93 


of 


HPV16 


protein 


E7) 


TLGIVCPIC 


(residues 


86- 


94 


of 


HPV16 


protein 


E7 ) , and 



a fragment, homolog, isoform, derivative, genetic variant 
or conservative variant of any one of these amino acid sequences 
which has th*e ability to bind to hioman MHC Class I allele HLA- 
15 A2.1. 

More specifically, this invention provides a peptide 
coinprising an amino acid sequence derived from protein E6 or E7 of 
HPV18, wherein said amino acid sequence has the ability to bind to 
human MHC Class I allele HIiA-A2.1 and is selected from the group 
20 consisting of: 



KLPDLCTEL 


(residues 


13- 


21 


of 


HPV18 


protein 


E6) 


SliQDIEITC 


(residues 


24- 


32 


of 


HPV18 


protein 


H6) 


LQDIEITCV 


(residues 


25- 


33 


of 


HFV18 


protein 


E6) 


EITCVYCKT 


(residues 


29- 


37 


of 


HPV18 


protein 


E6) 


KTVIiELTEV 


(residues 


35- 


44 


of 


HP VI 8 


protein 


E6) 


ELTEVFEFA 


(residues 


40- 


48 


of 


HPV18 


protein 


E6) 


FAFKDLiFW 


(residues 


47- 


55 


of 


HPV18 


protein 


E6) 


DTLEKLTNT 


(residues 


88- 


96 


of 


HPV18 


protein 


E6) 


LTNTGLYHL 


(residues 


93- 


101 


of 


HPV18 


protein 


E6) 


TLQDrVIiHL 


(residues 


7- 


15 


of 


HPVia 


protein 


E7) 


FQQIiFIiNTL 


(residues 


86- 


94 


of 


HPV18 


protein 


E7) 


QIiFIiNTIiSF 


(residues 


88- 


96 


of 


HPV18 


protein 


E7) 


LFLNTLSFV 


(residues 


89- 


97 


of 


HPV18 


protein 




LSFVCPWCA 


(residues 


94- 


102 


of 


HPV18 


protein 


E7) , and 



35 a fragment, homolog, isoform, derivative, genetic variant 

or conservative variant of any one of these amino acid sequences 
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„^i.pr ^referred embodiment of tHis invention, 
^cording to ^^^^ to bind to human MHC 

said amino acid sequence has the ahxlity ^ 

Class X allele ^ ^^^^^^^ ^ 

More specxf xcally, this ^^^^ protein E6 or E7 of 

comprising an amino acid sequence ^^J^^ ^ Jability to hind to 

— rai:s:°H:i-"-^-^ - 

bunanMHC Class i allele HLA aj- an 
10 consisting of r 61. 69 of HPV16 protein E6) 

(residues 139-147 of HI^6 protein Ee) 
(residaes 144-152 of HPV16 protein E6 
(residues 19- 27 of HPV16 protein E7) 
(residues .37- 45 of HPV16 protein E7 

-7^ ft! of HPV16 protein K7> , ana 
HVDIRTLED Cresxdues 73 ^^ ^^ J ^iant 

a fragment, homolog, Acid se^ences 

or conservative variant of any one ^ ^ ^^^^^^ HU..^. 

^ch has the ahility to bind to human MHC ^^^^^J ^ ^^ention, 

«4-*,«-r- 7Tr«»f erred embodiment of tnis 2.11^*^^ 
According to another pref errea 

said amino acid sequence has the abxlxty to bxnd 

Class X ^^ention provides a peptide 

More specxfxcally, thxs xn ™tein E6 or E7 of 

^^sin, 3. acid se^e ^-^'^^^T^^ « >=i-a - 

Human MHC Class I allele HLA i^.^ ^ 



15 



WTSRCMSCC 

MSCCRSSRT 

TTDIiYCyEQ 

EIDGPAGQA 

HVDIRTLED 



20 



consisting of : 

AMFQDPQER 
IILECVYCK 
30 CVYCKQQLL 
VYCKQQU^ 
QQU^RREVY 
IVYEDCaSTPY 
YAVCDKCIiK 
35 AVCDKCLKF 
VCDKCLKFY 



(residues 7-15 of HPV16 protein E6) 

(residues 33- 41 of HPV16 protein E6) 

(residues 37- 45 of HPV16 protein E6) 

(residues 38- 46 of HPV16 protein E6) 

(residues 42- 50 of HPV16 protein E6 

(residues 59- 67 of HPV16 protein E6) 

(residues 67- 75 of HPV16 protein E6) 

(residues 68- 76 of HPV16 protein E6) 

(residues .69- 77 of HPV16 protein E6) 
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KFYSKTSEY 




IB- 


83 


of 


HPVi6 


protein 


E6) 


KTSEYRHYC 


( residues 


IS" 


87 


Of 


HPV16 


protein 


E6) 




V X CO iXVXCtCP 


80 - 


88 


of 


HPV16 


protein 


E6) 


XUX X \w X wXJ xo 


( T*&Q'i r^nia^ 

\ ^ Co ^U-UCO 






of 


HPV16 


protein 


E6) 


SliYGTTLEO 


\ ^ G D ^ UiXC O 


89- 


97 


of 


HPV16 


protein 


E6) 


X X 1 i Fi\^Sc XtiaV. 


( T*ecii rliioc^ 

\ X. COaXUiXCSO 




101 
-I- w ^ 


of 


HP VI 6 


protein 


E6) 


nOVNTTPT ,rTJ 

XXvXvCr JiJk.JL/ 


\ X CD «X^UCD 


97 - 


X w w 


of HPV16 protein 


E6) 




V X. t=o J-UUeo 


1 Cil - 
xu / 




of 


HPV16 


protein 


X-J w f 




\ X. C50 XUllco 




X J J 


of 


HPV16 


protein 


Aw / 


CMSCCRSSR 


(residues 


143 




of 


HPV16 


protein 




SCCRSSRTR 


(residues 


145- 


153 


of 


HPV16 


protein 


E6) 


CCRSSRTRR 


(residues 


146- 


154 


of 


HPV16 


protein 


E6) 


HYNIVTFCC 


(residues 


51- 


59 


of 


HPV16 


protein 


E7) 


.YinVTFCCK 


(residues 


52- 


60 


of 


HPV16 


protein 


E7) 


CCKCDSTLR 


(residues 


58- 


66 


of 


HPV16 


protein 


E7) 


KCDSTIiRLC 


(residues 


60- 


68 


of 


HPV16 


protein 


E7 ) , and 



a fragment, hcmolog, isofonn, derivative, genetic variant 
or conservative variant of any one of these cunino acid sequences 
which has the ability to bind to human MHC Class I allele HLA- 
20 A3. 2. 

According to another preferred embodiment of this invention, 
said amino acid sequence has the ability to bind to human MHC 
Class I allele HIA-All-2* 

More specifically, this invention provides a peptide 
25 conqprising an amino acid sequence derived from protein E6 or E7 of 
HFV16, wherein said amino acid sequence has the ability to bind to 
human MHC Class I allele HriA-All,2 and is selected from the group 
consisting of: 





AMFQDPQER 


(residues 


7- 


15 


of 


HPV16 


protein E6) 


30 


IHiECVYCK 


(residues 


33- 


41 


of 


HPV16 


protein E6) 




CVYCKQQIiL 


(residues 


37- 


45 


Of 


HP VI 6 


protein E6) 




VYCKQQIXR 


(residues 


38- 


46 


Of 


HP VI 6 


protein E6) 




QQIiiRREVY 


(residues 


42- 


50 


Of 


HPV16 


protein E6) 




IVYRIXSNPY 


(residues 


59- 


67 


Of 


HFV16 


protein E6) 


^ 35 


YAVCDKCLK 


(residues 


67- 


75 


of 


HPV16 


protein E6) 




AVCDKCLKF 


(residues 


68- 


76 


Of 


HFV16 


protein E6) 
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(residues 69- 77 of HPV16 protein E6) 
(residues 79- 87 of HPV16 protein E6) 
(residues 80- 88 of HPV16 protein E6 
(residues 107-115 of HPV16 protein E6 
(residues 140-148 of HPV16 protein E6 
(residues 143-151 of HPV16 protein E6 
(residues 145-153 of HPV16 protein E6 
(residues 51- 59 of HPV16 protein K7 
(residues- 52- 60 of HPV16 protein E7 
(resicaues 58- 66 of HPV16 protein E7 
/^«=-rrii,^s 90- 98 of HPV16 protein E7) , ana 

^>,or- ^referred embodiment of tHis invention, 
ac-rordina to anotlier prererreu. euuj 

According _ ability tO: bind to human MHC 

said aniino acid sequence has the aDiin^y 

rlaas I allele HliA-A24. ^ • 

Le spe=i..=ax.y. ^ or =f 

^r^si^ an sM^ acid .e^^e ^^^J^^^Zy^o bind to 



VCDKCLKFY 

KISEYRHYC 

ISEYRHYCY 

L.IRCINCQK 

TGRCMSCCR 

CMSCCRSSR 

SCCRSSRTR 

HmEVTFCC 

ykivtfcck: 
cckcdstlr 
vcpicsqkp 



5 



consisting of: 

MHQKRTRMF 

VYCKQQIilxR 
loLSREVYDF 

PYfiSTCDKCL 
KdiKFYSKI 
EYRHrCYSIj 
HYCYSIiYGT 
CYSIiYGTTL 
RFHKIRGRW 
RMXISUVTF 



1- 9 Of HPV16 protein E6) 
26- 34 Of HPV16 protein E6) 
38- 46 Of HPV16 protein E6) 
44- 52 Of HPVX6 protein E6) 
49- 57 Of HPV16 protein E6) 
66- 74 Of HPV16 protein E6) 
72- SO of HPVL6 protein E6) 
82- 90 HPV16 protein E6) 
85- 93 Of HPV16 protein E6) 
87- 95 of HPVL6 protein E6) 
Iresiiies 131-139 of HPV16 protein E6) 

AO- =R7 of HPV16 protein E7) , and 
pTvHYisiivTF (resxdues 49- 57 or n±^vxo 
r^Z^., ^103. isofoxm, deri«.ive...senet.= varxan^ 



(residues 

(residues 

(residues 

(residues 

(residues 

(residues 

(residues 

(residues 

(residues 

(residues 
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or conservative variant of any one of these amino acid sequences 
which has the ability to bind to human MHC Class I allele HLA-A24 . 
This invention further provides a pharmaceutical composition 
* containing a prophylactically or therapeutically effective amount 

5 of a peptide according to the invention, and a pharmaceutically 
acceptable carrier, diluent, excipient or adjuvant. Preferably, 
said pharmaceutical composition contains a peptide according to 
the invention which is able to induce a T cell response effective 
against HPV, in particular a HLA class I -restricted CD8"^ cytotoxic 
10 T cell response. 

In addition, this invention provides a method of prophylactic 
or therapeutic treatment of cervical carcinoma and other HPV- 
related diseases with a hviman individual, comprising administering 
to said hxaman individual a prophylactically or therapeutically 
15 effective amoxint of a peptide according to the invention, more 
specifically an immunogenic form of a peptide according to the 
invention which is able to induce a T cell response effective 
against HPV, in particular a lELA class I -restricted CDS* cytotoxic 
T cell response, 

20 

Brief description of the drawings 

Figure 1 gives the result of binding analyses of 240 HPV16 
E6 and E7 nonapeptides to HliA-A2.l expressed on 174CEM.T2 cells. 
25 Background fluorescence level (without adding peptides) was set on 
an arbitrary mean fluorescence level of 70. Binding of a peptide 
was regarded positive when twice the level of background 
fluorescence was reached. The 18 binding peptides are nuinbered 1 
to 18; this numbering corresponds to the numbering in Table I- 
30 Figure 2 gives the result of binding analyses of 247 HPV18 

E6 and E7 nonapeptides to HIiA-A2.1 expressed on 174CEM.T2 cells. 
Background fluorescence level (without adding peptides) was set on 
' an arbitrary mecm fluorescence level of 70. Binding of a peptide 

was regarded positive when twice the level of background 
^ 35 fluorescence was reached. The 14 binding peptides are niimbered 1 
to 14 ; this numbering corresponds to the numbering in Table II . 
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^i^a 3 is a grapl> sl.o„lng U.e primary f 

dilution; irr. peptide - irrexevai^ 
E/T ratio = effector target ratio. 

Detailed description of tHe invention 

serenes ae^^ :^XTo =T«ln «H= class X 

^Lo:cic T cells are the strongest bidding psitraes. 
"^°T^s: preferred a^c^t the -^^^ --^^.^^ 
peptides co^lslng an a^o „e ablllt. 

or B7 Of HW16. Wherein sard specifically, snch 

to Mnd to Smian HHC class I allele HIA ».l^ 

■-^ <=oilowina amino acxd sequences aetivevx 
, peptides coit5)rxse tHe following ^^.^^ 

tue noted regions of HPV16 (see Tatole X, tne 

_ 1 «■»-•(- n-r- nn&& of amino aciasj » 
identified Toy the one- letter coae oe cm 
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•TABIiE I 

Peptides derived from HPV16 proteins E6 and E7 binding to HLiA-A2.l 





XT Lm XUtS 




prot ein ( region ) 












E6 


(residues 


7- 




1 

X 




1 

X 


VT "D/^T / *i 1 1 L' 1 


E6 


(residues 


18 - 


^ o / 








yijL. 1 hiijU 1 1 


E6 


(residues 


21 - 




•a 








E6 


(residues 


22 - 








J! 

4k 


AJUQTTXriUX 


E6 


(residues 


25 - 


33 ; 






O 


LQTTXHDll 


E6 


(residues 


26 - 


34 > 


O 




o 


TXHDXXXj£C 


E6 


(residues 


29 - 


37 ; 


V 




/ 


1 HI J 1 II .H.t V 


E6 


(residues 


30 - 


38 ; 


Q 

o 




o 

O 


CvxCKyQXjXi 


E6 


(residues 


37 - 


45) 


9 






r At xuJXiL.X V 


E6 


(residues 


52- 


/r A\ 
ou; 


XU 




9 


KISEYRHYC 


E6 


(residues 


79 - 


87) 


11 




10 


PLCDIiLIRC 


E6 


(residues 


102- 


110) 


12 




11 


TLHEYMLDIi 


E7 


(residues 


7 - 


15) 


13 


20 


12 


■XMLDIiQPET 


E7 


(residues 


11 - 


19) 


14 




13 


MLDIiQPETT 


E7 


(residues 


12 - 


20) 


15 




14 


RLCVQSTHV 


E7 


(residues 


66 - 


74) 


16 




15 


TLEDIiLiMGT 


E7 


(residues 


78 - 


86} 


17 




16 


IJJ^aGTLGIV 


.E7 


(residues 


82 - 


90) 


18 


25 


17 


GTLGIVCPI 


E7 


(residues 


85 - 


93) 


19 




18 


TLGIVCPIC 


E7 


(residues 


86 - 


94) 


20 
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^- i--he invention concerns 

p^tides conprising an =^ ^^^^ ^ ability 

Of HWiS, «hereia said specifically, such 

„ bizid bman MHC Class I allele ^^^^ ^^^ed from 

Sri^rSTe l^rJU. Of a*, acids,. 



TABLE IX 
10 peptides derived f rem HFVX8 



E6 and E7 binding to HLA-A2.1 



15 



20 



25 



Peptide 


j^mino acid 




secjaence 


1 


KLPDIiCTEL 


2 


SLQDIEITC 


3 


LQDIEITCV 


4 


EXTCVYCK3' 


5 


KTVIiELTEV 


6 


ELTEVFEFA 


7 




8 


DTLEKLTNT 


9 


laTNTGIi'XlilL 


10 


TLQDIVIiHIi 


11 




12 




13 


LFIiNTLSFV 


14 


LSFVCPWCA 



proteins 

protein (region) 



E6 (residues 13 - 
E6 (residues 24 - 
E6 (residues 25 - 
, E6 (residues 29 - 
E6 (residues 36 - 
E6 (residues 40 - 
E6 (residues 47 - 
E6 (residues 88 - 
E6 (residues 93 ■ 
E7 (residues 7 • 
. E7 (residues 86 
E7 (residues 88 
K7 (residues 89 
E7 (residues 94 



21) 
32) 
33) 
37) 
44) 
48) 
55) 

- 96) 
-101) 

- 15) 

- 94) 
' 96) 

- 97) 
-102) 



SEQ 
ID NO 



21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 
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Another preferred embodiment of the invention concerns 
peptides comprising an amino acid sequence derived from protein E6 
or E7 of HPV16, wherein said amino acid sequence has the ability 
to bind to human MHC Class I allele HIiA-Al, Specifically, such 
5 peptides con^rise the following amino acid sequences derived from 
the noted regions of HPV16 (see Table III; the amino acids are 
identified by the one- letter code of amino acids) . 

TABLE III 

10 Peptides derived from HPV16 proteins E6 and E7 binding to HLA-Al 

Amino acid protein (region) SEQ 
sequence XD NO 



YKDGNPYAV 


E6 


(residues 


61- 


69) 


35 


WTGRCMSCC 


E6 


(residues 


139- 


147) 


36 


MSCC31SSRT 


E6 


(residues 


144- 


152) 


37 


TTDLYCYEQ 


E7 


(residues 


19- 


27) 


38 


EIDGPAGQA 


E7 


(residues 


■ 37- 


45) 


39 


HVDIRTLED 


E7 


(residues 


73- 


81) 


40 



Another preferred embodiment of the invention concerns 
peptides CQrr5)rising an amino acid sequence derived from protein E6 
or E7 of HPV16, wherein said amino acid sequence has the ability 
25 to bind to human MHC Class I allele HLA-A3.2. Specifically, such 
peptides coirprise the following amino acid sequences derived from 
the noted regions of HPV16 (see Table IV; the amino acids are 
identified by the one- letter code of amino acids) , 
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TABLE IV 

Peptides derived from ILBVie proteins E6 and E7 binding to HIiA-A3.2 



Amino acid protein (region) . SEQ 



5 


sequence 










ID 




•i^QDPQER 


E6 


(residues 


7- 


15) 


1 




IILEC7YCK 


ES 


(residues 


33- 


41) 


41 




CVYCKQQLL 


S6 


(residues 


37- 


45) 


9 


10 


VYCKQQLIiR 


E& 


(residues 


38- 


46) 


42 




QQLIxRREVY 


E6 


(residues 


42- 


50) 


43 




IVYRDGNPY 


E6 


(residues 


59- 


67) 


44 




YAVCDKCLK 


E6 


(residues 


67- 


75) 


45 




AVCDKCLKF 


ES 


(residues 


68- 


76) 


46 


15 


VCDKCTiKFy 


E6 


(residues 


69- 


77) 


47 




KFySKISEST 


£6 


(residues 


75- 


83) 


48 




KISEYRHYC 


E6 


(residues 


79- 


87 ) 


11 




ISEYRHYCT 


ES 


(residues 


80- 


88) 


49 




EHYCTSLYG 


E6 


(residues 


• 84- 


92) 


50 


20 


SIiYGTHiEQ 


E6 


(residues 


89- 


97) 


51 




raEiEQQYKK 


E5 


(residues 


93- 


101) 


52 




QQYlSIKPIiCD 


E6 


(residues 


97- 


105) 


53 




IiIRCINCQK 


E6 


(residues 


107- 


115) 


54 




HIiDKKQRFH 


E6 


(residues 


125- 


133) 


55 


25 


CMSCCRSSR 


E6 


(residues 


143- 


±51) 


56 




SCCRSSRTR 


EG 


(residues 


145- 


153) 


57 




CCRSSRTRR 


E6 


(residues 


146- 


154) 


58 




HXNXVTFCC 


E7 


(residues 


51- 


59) 


59 




YNIVTFCCK 


E7 


(residues 


52- 


60) 


60 


30 


CCKCDSTLR 


E7 


(residues 


58- 


66) 


61 






E7 


(residues 


60- 


68) 


62 
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Another preferred embodiment of the invention concerns 
peptides coinprising an amino acid sequence derived from protein E6 
or E7 of HPV16, wherein said amino acid sequence has the ability 
to bind to hiaman MHC Class I allele HIiA-All.2. Specifically, such 
5 peptides conprise the following amino acid sequences derived from 
the noted regions of HPV16 (see Table V; the amino acids are 
identified by the one- letter code of amino acids) . 

TABLE V 

10 Peptides derived from HPV16 proteins E6 and E7 binding to HLiA-Ail.2 

Amino acid protein (region) SEQ 
sequence ID NO 



15 


AMFQDPQER 


E6 


(residues 


7- 


15) 


1 




IIIiECVYCK 


E6 


(residues 


33- 


41) 


41 




CVYCKQQIilj 


E6 


(residues 


37- 


45) 


9 




VYCKQQLLR 


£6 


(residues 


38- 


46) 


42 




QQIiLRREVY 


E6 


(residues 


42- 


50) 


43 


20 


iVYRDcasrpy 


E6 


(residues 


59- 


67) 


44 




YAVCDKCLK 


E6 


(residues 


67- 


75) 


45 




AVCDKCLKF 


E6 


(residues 


68- 


7 6) 


46^ 




VCDKCIiKFY 


E6 


(residues 


69- 


77) 


47 




KISEYRHYC 


E6 


(residues 


79- 


87) 


11 


25 


ISEYRHYCY 


E6 


(residues 


80- 


88) 


49 




-LIRCINCQK 


E6 


(residues 


107- 


115) 


54 




TSRCMSCCR 


E6 


(residues 


140- 


148) 


63 




CMSCCRSSR 


E6 


(residues 


143- 


151) 


56 




SCCRSSRTR 


E6 


(residues 


145- 


153) 


57 


30 


HYNIVTFCC 


E7 


(residues 


51- 


59) 


59 




YNIVTFCCK 


E7 


(residues 


52- 


60) 


60 




CCKCDSTLR 


E7 


(residues 


58- 


66) 


61 




VCPICSQKP 


E7 


(residues 


90- 


98) 


64 
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Another pref erred enfloodiment of tbe in^eation concerns 
peptides con^rising an axnino acid sec^ence derived ^^^J^^^J' 
o7k7 of HPV16, Wherein said amino acid sequence has the ahxlxty 
°o Ld to hun^ MHC Class X allele m^-^^- Specif xcally, such 
. peptides corr^rise the following a^o acid sec^ences derxved f rc^ 
the noted regions of (see Tahle vir the axnxno acxds are 

identified by the one- letter code of amino acids) - 

TABLE VT 

10 peptides derived f roia HPV16 proteins E6- and E7 bindxng to HrA-A24 

Amino acid ' protein (region) SEQ 

ID NO 

sequence 



15 


J^HQKRTAMF 


E6 


(residues 


1- 


9) 


65 




LQTTIHDII 


E6 


(resiciues 


26- 


34) 


6 




VYCKQQLIiR 


E6 


(residues 


38- 


46) 


42 




IiLRREVYDF 


E6 


(residues 


44- 


52) 


66 




VYDFAFRDL 


E6 


(residues 


- 49 - 


57) 


67 


20 


PYAVCDKCIi 


£6 


(residues 


66- 


74) 


68 




KCLKFYSKl 


E6 


(residues 


72- 


80) 


69 




EYRHYCTSIi 


E6 


(residues 


82- 


90) 


70 




HYCYSIiYGT 


E6 


(residues 


85- 


93) 


71 




CYSIiYGTOL 


E6 


(residues 


87- 


95) 


72 


25 


kfehtirgrw 


E6 


(residues 


131- 


139) 


73 




RAHYNIVTF 


E7 


(residues 


49- 


57) 


74 



30 



35 



The data suggest that the peptides mentioned above are 
single polypeptides of identified sequences. However, homologs, 
isoforms or genetic variants of these peptides may exist withxn or 
outside the cellular enviromnent. This invention encompasses all 
such homologs, isoforms or genetic variants" of the above peptxdes 
provided that they bind to the HIA molecule in questxon. 

Polypeptides that are homologs of the peptides specif xcally 
include those having amino acid sequences which are at least about 
40% conserved in relation to the amino acid sequence set forth xn 
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Tables I-VI, preferentially at least alDout 60% conserved, and more 
preferentially at least about 7 5% conserved. 

It will t>e understood by one of ordinary skill in the art 
that other variants of the peptides shown above are included 
5 within the scope of the present invention. This particularly 
includes any variants that differ from the above mentioned and 
synthesized peptides only by conservative amino acid substitution. 
In particular, replacements of C (cysteine) by A, (alanine) , S 
(serine) , a-aminobutyric acid and others are included as it is 

10 known that cysteine- containing peptides are susceptible to (air) 
oxidation during synthesis and handling. Many such conservative 
amino acid substitutions are set forth as sets by Taylor (1986) . 

Herein the peptides shown above or fragments thereof include 
any variation in the amino acid sequence, whether by conservative 

15 amino acid substitution, deletion, or other processes, provided 
that the polypeptides bind to the HLA molecule in question. The 
fragments of the peptides may be small peptides with sequences of 
as little as five or more amino acids, said sequences being those 
disclosed in Tables I -VI when said polypeptides bind to the HLA 

20 molecule in question. 

Polypeptides larger than the peptides shown are especially 
included within the scope of the present invention when said 
polypeptides induce a HPV16- or HPV18 -specific CTL response in 
appropriate individuals (e.g. HLA-A2.1 positive individuals in the 

25 case of HIiA-A2.1 binding peptides) and include a (partial) amino 
acid sequence as set forth in Tables I -VI, or conservative 
substitutions thereof. Such polypeptides may have a length up to 
about 30 amino acids, preferably up to about 27 amino acids. Most 
preferably, however, the peptides have a length of from 9 to 12, 

30 more preferably 9 to 11 or even 9 to 10 amino acids, most of all 
preferably exactly 9 amino acids. 

This invention includes the use of polypeptides generated by 
every means, whether genetic engineering, peptide synthesis with 
solid phase techniques or others. The foregoing peptides may have 

35 various chemical modifications made at the terminal ends and still 
be within the scope the present invention. Also other chemical 
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■ configuraticns. Th. ..ena "derivatives" Inrend. « cover all such 

„ai£iea peptides i^^ticn find utility tor 

^ treatment or pre^tioa of diseases ^^J^ ^^''JJ 

such as genital «arts, cervical cancer or others that are linked 

" =^r:xn::ilcatlons the peptides are a-ni-red^-^^ 
,_„nogenic form, since the peptides are '-'^'■^^^ ^^"^^^^ 
, necessitate con,u,atlcu with an ^^^^^r^.^Xants . 

carrier loaterial such aa lipids or others or the use or a 3 

\he magnitude o£ a prophylactic or a therap«.t.c doseof 
p..„eptides o. this -v^-n -1. c™ ^^^.^ 

. r^: s'rL^:ion; — rSe ;;rticui. 

B^^ide o£ this invention and its route of adB,i:iistrat.=n. *ny 
sSSfelLte Of a*inistration he employed to achieve an 

dosage ot a polypeptide identified ,=y this .nvent.cn, as 
^1 as any dosage form well Icnown in the art of pharn^cy In 
,0 ^^laa L polypeptides w also he adMnistered hy controlled 

release means and/or delivery ^^s^ ^.^s^^, such as. 

administered in combination with other active suu 

in particular, T-cell activating agents like '^^^^ 

The peptides of thia invention »ay also he useful for otter 
purposes, as diagnostic use. .or e«^le, th^ may he used to 

^ .aether a vaccination with a peptide according to the 
invention has been successful, .rhla may be done in vitro W 
testing whether said peptide is able to activate T cells of the 

vaccinated person. ^4.^«« 
The following exarr^les illustrate the present xxxverxtxcxx 

witlK3ut limiting tHe same thereto. 
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EXAMPLE 1 

Malierials 

Peptide synthesizer: 
5 Abimed AMS 422 (Abimed Analysen-Technik GiribH, liangenfeld, 

Germany) • 

Synthesis polymer: 
Tentagel S AC (0.17-0.24 meq/g, Rapp Polymere, Tubingen, Geroiany) . 

HPIiC equipment: 

10 The HPLC system used for analysis and purification of 

peptides consisted of: autosampler 2157, HPLC pump 2248, variable 
wavelength monitor VWM 2141, column oven 2155, low pressure mixer, 
all of Pharmacia Nederland B,V., Woerden, The Netherlands, a Star 
• LC-20 dot matrix printer, Star Micronics Co., Ltd., all parts 
15 controlled by a Tandon PCAsl/386sx carr?)uter, Tandon Computer 
Benelux B.V. , Amsterdam, The Netherlands. 
Lyophylizer : 

Virtis Centry, The Virtis Company, Inc., Gardiner (NY), USA, 
equipped with an Alcatel 350C vacuun^ump, Alcatel CIT, Malakoff , 
20 Prance, connected to a Christ Alpha RVC vacuo-spdLn, Martin Christ 
Gef riertrocknungsanlagen* GmbH, Osterode am Harz, Germany. 
Centrifuge: 

MSE Mistral 6L, Beun de Ronde, Abcoude, The Netherlands. 
Mass spectrometer: 
25 Bioion plasma desorption mass spectrometer (PDMS) , Applied 

Biosystems, Inc., Foster City (CA) , USA. 
Amino acid Analysis: 

HP Aminoquant, Hewlett Packard, Amstelveen, The Netherlands. 
Chemicals: 

30 All chemicals were used without further purification unless 

stated otherwise. 

Rnoc (9-f luorenylmethyloxycarbonyl) amino acids were of the 

L" configuration, beaxing the following side chain protecting 

groups: t-Bu (tert-butyl) for Asp, Glu, Tyr, Ser and Thr; Trt 
35 (trityl) for His, Asn cuad Gin; Pmc (2 , 2 , 5 , 7 , B-pentamethylchroman- 

6-sulfonyl) for Arg; Boc (tert- butyl oxycarbonyl)- for Lys, all 
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an. PU.c^... «^ ■ 

Netherlands. ^ aidrich Chemie Benelux N.V. , 

Piperidine was purcnased from Aldrxcn 

Brussels, Belgium. , ^^.^^.tris- (dimetHylamino) -phosphouium 

BOP (benzotrxazole-1 yl oxy cr _ Biotechnologies, 

l^exaf luorophosphate) was obtained from Rxchelxeu 

St-Hyacinthe, Canada. ^/m-ica Tilburg, I5ie 

10 before use. _ Aldrich Ghemie) was vacuum- 

N-methylpyrrolxdone {ms. Axor _a-80»C, 18 nm Hg) 

distilled under a nitrogen atmosphere (b-P. 78 

nitrile (HP.C-grade) was purchased from Hathbum 

5 Chemicals X.td. , wallcerbum ^^^' ^^^^ ^ade) and 

Kther (Ba^cer i^ly^-d ^^ ' J^ ^^^^^^ Ba^cer 
acetic acid (BaJcer Analyzed grade) were p 

B.V., Deventer, "^^-^^^^^^'^f l^^^^^^ Chemie, Brussels, 
Ethanethiol was obtaxned from FluJca cnemx 

" '^"'"^Ichloromethane and H,H-dimethylacetamide (Dm) were 

p^chased fro- ^^e, was *tain.d froa 

Trifluoroacetxc acxd {tea, z-.o. a 

Merck-schuchardt, Hohenbrmm, Germany. 

25 Disposables : ^ . tdtpe filter were 

3«.e. c^se. proceed ^ci^- — ..s 

polsin^s. P-PWi-^ ana OTA were stored -20 C. 
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•Pf^pt. ide synthesis 

Peptides were synthesized by solid phase strategies on an 
automated multiple peptide synthesizer (Abimed AMS 422) (see 
i Gausepohl and Prank, 1990; Gausepohl et al-, 1990). 

5 The peptides were made in various runs, in each of which 

48 different peptides were synthesized simultaneously, 

Tentagel S AC (Rapp et al., 1990; Sheppard and Williams, 
1982), a graft polymer of polyethyleneglycol spacer arms on a 
polystyrene matrix, was used as a resin (40-60 mg per peptide, 
10 10 pmol Fmoc amino acid loading) , 

Repetitive couplings were performed by adding a mixture of 
90 Ml 0,67 M BOP (Gausepohl et al., 1988; Castro et al., 1975) in 
NMP, 20 Ml NMM in NMP 2/1 (v/v) and 100 Ml of an 0.60 M solution of 
the appropriate Fmoc amino acid (Fields and Noble, 1990) in NMP 
15 (6- fold excess) to each reaction vessel. At 70% of the reaction 

time approximately 50 m1 dichloromethane was added to each reaction 
vessel. 

Fmoc-deprotection was performed by adding 3 times 0.8 ml of 
piperidine/DMA 1/4 (v/v) to each reaction vessel, 
20 Coupling- and deprotection times were increased as the 

synthesis proceeded, starting with 30 min and 3 times 3 min 
respectively. 

Washings after couplings and Fmoc -deprotect ions were done 
with 6 times 1,2 ml DMA. After the required sequence had been 
25 reached and the last Finoc -protection was removed the peptidylresin 
was washed extensively with. DMA, dichloromethane, dichloromethane/ 
ether i/i (v/v) and ether respectively, and dried. 

Peptide cleavage and isQlatioii 

30 Cleavage of the peptides from the resin and removal of the 

side chain protecting groups was performed by adding 6 times 200 pi 
TFA/water 19/l (v/v) at 5 min intervals to each reaction vessel, 
thus yielding free carboxylic peptides. For Trp- containing 
peptides TFA/water/ethanethiol 18/1/1 (v/v/v) was used. 

35 Two hours after the first TFA addition the peptides were 

precipitated from the combined filtrates by addition of 10 ml 
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10 



cooling ~ -^o-^- 

isolated W =-"^'-f wii a«>er/pen^^ I/^ <v/v, 

.0 vcl.% acetic acid, . t.e -^^f ^^^^^^^ S„c r^. s-.. W • 
3 ^nln, and lyopbylized being cenrrxfuge. 

anm^nll anfl rm-lfinat i a n astermined by reversed ptese 

tte purity of the 5«^"'^^",'^*^^ed in iOO >a 30 
HPLO. an ali^ot of about =0 "-^ J^f ^ „ ^.-b.^ 
acetic acid, of tbi. ^^^^l^^ ... «ater, B= aceto- 

system equipped witb a ternary s 

nitrile, C: 2 vol.% TFA in -formed from 90% A, 5* 

oradi^ eanti^ a^o ^^-> - -^^^^^^ ^ 

B, 5* c to 20% A, 75% B, 5%C m spectrometry 
sanies ta^ at randc» w^e «^ys^ ^ _^ ^ 

on a P«S. «xe 3i ^^^^/^^^.^^^^/^o acid analysis after 
, spectronetry - a P«s a^ TSraL^yaed sa=»les tbe 

"^""-^'^ ^ ' Z :::^e^'a^ Isured masses was witbin tbe 
difference between caloulatea an producer of tbe 

^erlinental error (0.1%) as =5-<=^^^ '^'^^ ^ expected, 
^pment used. All aminoacid composxtrons were 



25 



EXAMPLE 



30 



35 



p^pfifles HPVia peptides tlaat had 

" all - '-r::^^ ^ - ^ 

l>een freeze ^■^^IZ^ ^ BaOE to a pH of IZ- ««.tides tbat 
distilled water adjusted witb 5H » ISO A of 100% acetic 

did not readily dissolve were "^at^'"^^^ 
■ 1 irtj rnrsa Merck Darmstadt , Germany, 
acid glacxal (CH3COOH. Merc ^^^^ ^^^^^ ^ 

w^c^ t^e PH was --^^^^^^^°/^JLny: 6498, . Peptides wl^ch 
distilled water (Merck Darmstadt . ^ ^^^^ to pH i: 

still did not dissolve were treated wxtb 100 .1 
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after which the pH was neutralized to pH 7 with 10% acetic acid 
glacial in distilled water. Of all peptides a dilution of 1 mg/ml 
in 0.9% NaCl was made. 

5 Q^llS, 

174CEM.T2 cells were cultured in Iscove's modified 
Dulbecco's medixun (Biochrom KG Seromed Berlin, Germany: F0465) 
supplemented with lOOIU/ml penicillin (Biocades Phanna, 
Ljeiderdorp, The Netherlands) , 100 pg/ml k a n a m ycin (Sigma St. Louis, 
10 USA: K- 0254 ) , 2mM glutamine (ICN Biomedicals Inc. Costa Mesa, CA, 

USA: 15 -801-55) and 10% fetal calf serum (FCS, Hyclone Laboratories 
Inc. Logan, Utah, USA:A-lll5-L) . Cells were cultiired at a density 
of 2.5 X 105/ml during 3 days at 37**C, 5% CO2 in hiamified aiir. 

15 Peptide binding 

174CEM.T2 cells were washed twice in culture medirmi without 
FCS and put in serum- free culture medium to a density of 

2 X 10^ cells/ml. Of this suspension 40 pi wc.s put into a V 
bottomed 96 well plate (Greiner canbH, Frickenhausen, Germany: 

-20 651101) together with 10 pi of the individual peptide dilutions (of 
1 mg/ml) . The end concentration is 200 ixg/ml peptide with 
8 X 10^ 174CEM.T2 cells. This solution was gently agitated for 

3 minutes after which an incubation time of 16 hours at 37*'C, 

5% CO2 in humified air took place. Then cells were washed once with 
25 100 pi 0.9% NaCl, 0.5% bovine serum albumin (Sigma St. Louis, USA: 
A-7409) , 0.02% NaN3 (Merck Darmstadt, Germany : 822335) . After a 
centrifuge round of 1200 rpm the pellet was resuspended in 50 pi of 
saturating amounts of HLA-A2.1 specific mouse monoclonal antibody 
BB7.2 for 30 minutes at 4**C. Then cells were washed twice and 
30 inciabated for 30 minutes with F{ab)2 fragments of goat anti-mouse 
IgG that had been conjugated with fluoresceine isothiocyanate 
(Tago Inc Burlingame, CA, USA: 4350) in a dilution of 1:40 and a 
total volume of 25 pi. 

After the last incubation, cells were washed twice and 
35 fluorescence was measured at 488 nanometer on a FACScan flow- 

cytometer (Becton Dickinson, Franklin Lakes, NJ, USA) . The results 
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i^ptiaa presenting groove of these molecules. A s"^^^"^ 
^-^1 «>olLule that will not easily degrade is the result o£ 
^^rng^oTan analysed peptide. ^ leads to an increase ^ cell 
surface agression of the HLR-iS2.1 molecule. 

™n oraer to identify ^ ^ r.,.^ 

HPV13 that ccul. hina. to -^'^'^ ' 
cells, tue amino acid secjuences of E5 and E7 of HPVxe ^ 

(4) . a^o acid in .6 and K7 regxon 

u^d as t^. first amino acid of a 9 axoino acid long peptxde. in 
usea as cne reaions of HFV16 and HPV18 were 

ttiis vTay the entxre E6 and E7 regions oi- 

^ereZ Nine amino acid long peptides were chosen hecause th^ 

presently teown ^es for length o£ peptides «.at hxnd to 
t^e ^ Of Bl^-ia.l molecules (reviewed hy Kast and Melr^, 
Zl.T. For practical reasons, in a first series of -^-=7= 
TL. residues were used in the tested peptides ^^^ f^ ^ 
^eine residues occurring in the natural seouence. ^.ereafter, 
%cond series of e:^ri^ts was carried out with pe^des 
containing the cysteine residues of the natural 

■ only the peptides Nos.. l-ia of Table I and Mos. 1-1* =f 
Table IX (including those containing alanine residues ^^^^ 
the cysteine residues, were ahle to significantly upregolate the 
egression of HLR-a2.1 molecules measured as mean HLa-S2.l 
ewression or ideating their hindlng to the 

fluorescence of 174CHI.T2 oej.j.B »ii = >>-.d * 233 

y HIA-i^.l molecule as descril,ed in E^le 2. None of the 222^ 
other peptides were able to do this. The results °f 
fluorescence measurement are given in Tables VXI and VXXI and 
sho^in Figures l and 2. The peptides are nu^ered in accordance 
with the numbering in Tables I and II. 
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15 



20 



25 



30 



MF = Mean Fluorescence 

(MF) experiment - (MF)biank 
FI = Fluorescence Index = 



(MF) blank 

5 

With background fluorescence level (without adding peptides) 
set on a Fluorescence Index level of 0, binding of a peptide was 
regarded positive when the level of fluorescence was > 0.5. 

10 TABLE VII: HPV16 peptides 



Peptide 


FI 


MF 




1 ^ 


168 . 6 


2 


2,2 


211.9 


3 


0.7 


113.6 


4 


0.6 


108.0 


5 


1.6 


170.4 


6 


1.8 


184.5 


7 


1.3 


150.7 


8 


2-0 


195.0 


9 


2.2 


211.7 1 


10 


2.1 


204.8 


11 


1.2 


144.5 


12 


3.3 


283.9 


13 


2.3 


217.6 


14 


2.8 


250.0 


15 


1.8 


182.8 


.16 


0.8 


118.8 


17 


2.3 


216.1 


18 


2.5 


227 .8 
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•TABLE VIII: HPViS peptides 
Peptide Fl 



439.3 
243.9 
327,8 
206.0 
467.5 
289.0 
462.9 
238.2 
352.5 
519.6 
244.5 
258.2 
360.3 
262.0 

O Uiese experimeats indicate that only a limited prcjportion of 

peptides have the ability to bind to the HIiA-A2.l molecule aad are 
therefore the only candidates of the HPV16 and HPV18 E regions to 
be recognized by human CEL because CTL recognize peptides only 
when bound to HLA- molecules . 

15 

EXWXIPLE 3 

This exan^le illustrates in vitro induction of primary 
imnnme response against HPV peptides using the processing 
30 defective cell line 174CEW.T2. 

The expression of HIA-A2.1 on i74CEiyi.T2 cells CT2) is 
increased by incubating T2 cells in medium containing 
relevant peptide. T2 cells will present the relevant peptide 
bound to HLA-A2.1 in high amount and therefore are good 
35 antigen presenting cells (APC) . in the response inducing 



2g PCr/NL93/00093 



1 


2.1 


2 


0.7 


3 


1.3 


4 


0.5 


5 


2.3 


6 


1.1 


7 


2.3 


8 


0.7 


9 


1.5 


10 


2.7 


11 


0.8 


12 


0.8 


13 


1.6 


14 


0.9 
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metliod described below the T2 cell line is used as APC and 
post-Ficoll mononuclear cells are used as responder cells. 

Method 

5 1) Peptide loading of HLA-A2.1 on T2 

T2 cells in a concentration of 2 x 10^ cells per ml were 
• incubated for 13 h at 37**C in a T 25 flask (Becton Dickinson, 
Falcon, Plymoutli Engeland cat. nr. 3013) in serum- free IMDM 
(= iscoves Modified Dulbecco's Medium: Biociirom KG, Seromed 
10 Berlin, Germany, cat. nr. F0465) with glutamine (2mM, ICN 
Biochemicals Inc., Costa Meisa, USA, cat. nr. 15-801-55), 
antibiotics (100 lU/ml penicilline (Brocades Pharma, 
Leiderdorp, The Netherlands, 100 |iig/ml kanamycine (Sigma, 
St. liOuis, USA, K-0245)) and the selected peptide MUDLOPETT 
15 (= JWK3; SEQ ID NO: 15) in a concentration of 80 jug /ml. 

2) Mitontycine C treatment of T2 (APC) 

These incubated T2 cells were spun down and sxabsequently 
treated in a density of 20 x 10^ cells/ml with Mitomycine C 
20 (50|ixg/ml) in serum- free RPMI (Gibco Paislan, Scotland, 

cat. nr. 041-02409) medium for l h at 37**C. Hereafter the T2 
cells were washed three times in RPMI. 

3) Preparing for primary immune response induction 
25 All wells of a 96-well-U-bottom plate (Costar, 

Ca m ibridge, USA, cat. nr. 3799) were filled with 100,000 
Mitomycine C-treated T2 cells in SOjil serum-free, complete 
RPMI medium (glutamine (2mM, ICN Biochemicals Inc., Costa 
Meisa, USA, cat. nr. 15-801-55) , penicilline (100 lU/ml, 
30 Brocades Pharma, Leiderdorp, The Netherlands) , kanaitrycine 
(lOO^g/ml, Sigma, St. Louis, USA, K-0245) ) and the peptide 
MLDLQPETT in a concentration of 80 |Lig/ml. 



35 



4) Responder cells 

Responder cells are mononuclear peripheral blood 
lyn^hocytes (PBL) of a HLA-A2,i subtyped donor {= C.B.) . The 
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i5 



20 



25 



30 



PBL were separated from a buffy coat W Ficoll-procedure 
(Ficoll preparation: Lymphoprep of Nycomed-phanna, Oslo. 
Horway, cat.nr. xo503 3) and washed two td^es f ^'^^^^ 
separation and washing, the PBI. were resuspended xn con^^lete 
medium with 30% human pooled serum (HPS) (HPS .s tested 
for suppression activity in Mixed Lyit^^Hocyte Cultures) . 

5) incubation of primary immune response 

400,000 PBL-C.B. in 50^1 of medium (the medium descried 
in header 4) were added to eac^ well of the 96-well-U-bottom 
plate alrea^ filled with T2 cells and cultured for 7 days at 
37'C in an incubator with 5% CO2 and 90% humidxty. 

6) Restinnilation (day 7) ■ 

on «3ay 7 after incubation of PBL, peptide MnDLQPErr and 
T2 cells (headers 1-5) . the ^L-C.B. were restimolated wxth 
peptide MLDU2PETr. For this purpose all cells and ^^^-^^l^ 
ofthe 96 wells were harvested, viable cells were isolated by 
Ficoll-procedure and washed in RPMI. m a new 96-well-U- 
l^ottom plate 50.000 of these viable cells — .^^^^^ " 
well together with SOfa con^lete HPMI medxum wxth 15% HPS. 
per well 20,000 autologous, irradiated (3000 rad) PBL and 
50,000 autologous, irradiated (10000 rad) EBV- transformed 
B-lyin.hocytes (= EBV-CB.) were added together with 50^1 of 
con^lete KPMI medium with 15% HPS and peptide MLDLQPKTT xn a 
concentration of 80|tg/ml. O^xe cells were cultured for 7 days 
at 37»C in an incubator with 5% CO2 and 90% humidity. 

7> Restimulation (day 14) 

on day 14 after incubation of PBL, peptide MLDLQPFTT and 
T2 cells (headers 1-5) , the PBL-C.B.were restiimilated wxth 
peptide -MLDLQPETT. To do SO the procedure under header 6 xs 
repeated- 
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8) Cloning by Limiting Dilution 

On day 21 after incubation of PEL, peptide MLDLQPETT and 
T2 cells, cells and mediiom out of the 96 wells were 
harvested. Viable cells were isolated by Ficoll-procedure and 
5 washed in cortplete RPMI with 15% HPS. This bulk of viable 
cells was cloned by Limiting Dilution, into each well of a 
new 96-well-U-bottom plate (Costar, Cambridge, USA, cat. 
nr. 3799) SO^il complete RPMI medium with 15 % HPS was added 
together with 100 viable cells (= HPV16 bulk anti MLDLQPETT) . 

10 For other new 96-well-U-bottom plates this was exactly 

repeated except for the nimiber of cells for wells: subsequent 
plates contained 10, 1, or 0.3 cells per well. To all wells 
20,000 pooled and irradiated (3000 rad) PBL of four different 
donors and 10,000 pooled and irradiated (10,000 rad) EBV- 

15 transformed B-cells of three different HLA-A2.1 donors (VU-4/ 
518/JY) were added together with 50fxl of complete RPMI medium 
with 15% HPS and peptide MLDLQPETT in a concentration of 
40|Lig/ml, Leucoagglutinin in a concentration of 2% (Pharmacia, 
Uppsala, Sweden, cat.nr. 17-063-01), hioman recombinant IL-2 

20 in a concentration of 120 lU/ml (Eurocetus, Amsterdam, The 
Netherlands) . 

9) Expand clones 

Add per well, in a final volume of 100 ^il => 
25 - 25,000 viable cells 

- 20,000 irradiated PBL-pool (as in header 8) 

- 10,000 irradiated EBV-pool (as in header 8) 

- 2 jiig peptide MLDLQPETT 

- 6 lU recombinant IL-2^ 

30 

On day 49 a cytotoxicity assay was performed with 65 
clones and one bulk as effector cells and T2 (with or without 
the relevant peptide MLDLQPETT) as target cells. Background 
killing is defined as killing of T2 cells incubated with an 
35 irrelevant (but HLA-A2.1 binding) peptide: ATELQTTIH. 
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HPV16 bullc (C.B.) anti MLDUJPKl^ seeraed to be 
specific for ^.iiiing toQP^- sensitized T2 cells. KLl tlxe 

^^°^i:ri^tS:^--^^^ - 

ir B 1 anti MLDLQEBTI cells <as in Header 8*9) • 

oTZ 2S ^ter new lifting dilution a cytot==<^xty 
assay^rperfcnned Wit. five Clones <^10, 1.12, 

and Le buDc. X representative clone is shc«n .n fig. 3. 

This example illustrates an iintnunochemical peptide-MHC 
^^Is^^c. used to deter^ne which ^PVl^^-^^ 
.E^and^ peptides bind to HI^-AI, ^.2, ^1.2 and 

""""""^rmethod utilizes purified class I molecules and 
radiolabeled synthetic probes based on 

cc^^etitor peptides tested for their binding t° ^ 
^ecules co^^ete for this binding with the ^^f^^^^^ 
consensus peptides. l^.e HIA-Ai, .^.i, ' ^[-^'^^ 
ntolecules were isolated from the following cell 1^^, 
respectively: the EBV (Bppstei. Barr Vi^s) ^^^^^^/^^ 
line Steinlin. the EB^^ transformed cell Ixne JY, 
transformed cell line aM3l07, the cell line -^^^ 
transformed cell line KT3. ^ter large scale ^^^^ 
were lysed in HP40 (Flulca Biochemilca, Buchs, Swxtzerland) and 
the lysate was passed over two pre-columns of inactxvated 
s^h^^ose 4B and Prot A Sepharose. Class I molecules were 
^T^p^if ied from the cell lysate by affinity chromatography 
y using prot A sepharose beads conjugated with B2.23.2 (^tx- 

HiA-B and HIA-C) and anti-human Hl^. The lysate was fxrst 
depleted of B and C molecules by repeated passage over the 
2 column. -Remaining HX^-A molecules were then captured 

by the W6/32 column and eluted by pH 11.5 DEA/l% OG 
5 neutralized with 1 nM Tris pH 6.8 and concentrated by 
ultrafiltration on Amicon 30 Ko cartridges. 



o 
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For binding assays, MHC amoimts that resulted in binding 
of 15% of the radiolabeled synthetic probes (normally in the 
10-50 nM range) were incvibated in 0.05% NP40-PBS with about 
5 nM of radiolabeled peptides and titrated amounts of 
5 unlabeled competitor peptides to be tested (usually in the 
10 mg to 1 ng/ml range) in the presence of l mM p2M and a 
cocktail of protease inhibitors (with final concentrations of 
1 mM PMSF, 1.3 mM 1, 10-Phenanthroline, 7 3 uM Pepstatin A, 
8 mM EDTA, 200 N- a- p-tosyl-L- Lysine Oiloromethyl ketone) . 

10 After two days at 23**C the percent of MHC-bound radioactivity 
was measured by size exclusion chromatography on a TSK2000 
gel filtration as described by Sette et al- (1992) . 

Probe peptides were iodinated by using the Chloramine T 
-method described by Buus et al. (19 87) . The sequences of the 

15 probe peptides used for the aforementioned HLA molecules were 
YLEPAIAKY for Al, FLPSDYFPSV for A2.1, KVFPYALINK for A3. 2, 
AVDIiYHFLK for All. 2, and AYIDNYUKF for A24 . 

To allow comparison of the data obtained in different 
experiments, a relative binding figure was calculated for 

20 each peptide by dividing the 50% inhibition dose (IC50) for 
the positive control for inhibition of unlabeled probe 
peptides by the 50% inhibition doses for each tested peptide. 
The values of the 50% inhibition dose for the probes was: 
81 nM for Al, 5 nM for A2.1, 30 nM for A3. 2, 9 nM for All. 2 

25 and 22 nM for A24 . 

Each coir^jetitor peptide was tested in two to four 
conpletely independent experiments . Since cysteine containing 
peptides are susceptible to (air) oxidation during synthesis 
and handling, these peptides were synthesized with an alanine 

30 instead of a cysteine. Arbitrarily, the competitor peptides 
were categorized as good binders, intermediate binders, weak 
binders and negative binders when they fell- into the 
following ratio categories: 1.0-0.1, 0.1-0.01, 0.01-0.001, 
and < 0.001, respectively. 

35 The results are shown in Tables IX to XIIl. 
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IX: HPV16 E6 and E7 peptides 
iinrtrunoclaemical assay 



binding to HIA-Ai in 



Peptide 



protein (region) 



SEQ 
ID NO 



binding ratio 
to standard# 



VITGRCMSCC 
MSCCRSSRT 
10 TTDLiYOTEQ 
EXDGPAGQA 
HVDIRTLED 



E6 (residues 61- 69) 
E6 (residues 139-147) 
(residues 144-152) 
(residues 19- 27) 
(residues .37- 45) 
(residues 7 3- Si) 



E6 
E7 
S7 
E7 



35 
36 
37 
38 
39 
40 



0.008 
0.020 
0-019 
0-023 
0.025 
0.014 



J.™ ^-F i-HA standard in tHe course of 
. # Tiie average IC50 value ±SE of tHe stanoar . 
^ Le ^eri^« ccnslder^ in tias ^le was SI ±30 =B. 

^ K= ^tto^ HPVIC and 3. papride. binding .= m^""-^ 

in iinrminocliem.cal assay 



20 peptide 



protein (region) 



SEQ 
ID MO 



binding ratio 
to standard* 



25 



M3FQDPQER 
EAFRDIiCIV 



E6 (residues 7 - 
E6 (residues 52- 



15) 
60) 



1 
10 



0.0033 
0.3700 



^ n-F tiie standard in the course of 

# The average IC50 value ±SE of the stanoar 

the experiments considered in this talkie was 6 ±1 iM. 
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TABLE XI: HPV16 E6 and E7 peptides binding to HLiA-A3,2 in 
imrrtanochemical assay 

Peptide protein (region) SEQ binding ratio 

5 ID NO to standard* 







E6 




7 - 


15) 


1 


0-1000 




TTT •Fr^TVr'K' 


AO 




33 - 


41) 


41 


1 . 5000 






E6 




37 - 


45 ) 


9 


0 . 0320 


xu 










* a y 


42 


0 0012 








^ T'OQ'i f^noQ 
V X. ggox mxco 




SO) 


43 


0 0058 




TVVPnfZTTPV 

X V JL XU-fWlM 1 




V X csaxuuco 




67) 
wry 


44 


3 0000 




X V wX^XVv^XJXV 


E6 


y J- CS O V il A t3 o 


67 - 


75) 


45 


0 - 0012 






d w 


V X. JL\.JUCP 




76) 


46 


0 . 0056 








V J- CO JLVXUCO 




77 ) 


47 


0 . 0025 




I^f X wX>w_L i^X_j X 




V X. CO X^mAHCP 




83^ 


4,8 


0 0100 




XvX.O -Cj XX\X1. X ^_ 


XZiO 


V X. C>3 -i- VXLICO 


7 Q - 


a / f 


1 1 

JL. J- 


0 - 0044 








^ X CD XULLCO 


Rn - 

O VJ 


8ft ^ 

o o / 




n nn64. 




RHYCYSLYG 


E6 


(residues 


84- 


92) 


50 


0 . 0036 


20 


SLYGTTLEQ 


E6 


(residues 


89- 


97) 


51 


0.0080 




TTLEQQYNK 


E6 


(residues 


93- 


101) 


52 


0,0780 




QQYNKPLCD 


E6 


(residues 


97- 


105) 


53 


0.0045 




LIRCINCQK 


E6 


(residues 


107- 


115) 


54 


3.7000 




HLDKKQRFH 


E6 


(residues 


125- 


133) 


55 


0.4400 


25 


CMSCCRSSR 


E6 


(residues 


143- 


151) 


56 


0.1800 




SCCRSSRTR 


E6 


(residues 


145- 


153) 


57 


0.0200 




CCRSSRTRR 


E6 


(residues 


146- 


154) 


58 


0.0020 




HYNIVTFCC 


E7 


(residues 


51- 


59) 


59 


0.0260 




YNIVTPCCK 


E7 


(residues 


52- 


60) 


60 


0.0067 


30 


CCKCDSTLR 


E7 


(residues 


58- 


66) 


61 


0.0016 




KCDSTLRIiC 


E7 


(residues 


60- 


68) 


62 


0.0012 



# The average IC50 value ±SE of the standard in the course of 
the experiments considered in this table was 30 ±3 nM. 

35 
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Ti^LE XII: HPVie E6 
immunocliemical assay 



and E7 peptides binding to HLA-Ail.2 in 



Peptide 



protein (region) 



SEQ 
ID NO 



binding ratio 
to standard* 



i^MFQDPQER 
IILECVYCiC 
CVYCKQQLIi 
10 VYCKQQLLR 
QQLLRREVY 
IVYKDC3ITPY 
YiWCDKCLK 
AS7CDKCX.KF 
15 VCDKCLKFY 
KXSEYRHYC 
ISEYEIHYCY 
IjIRCINCQK 
TGRCMSCCR 
20 CMSCCRSSR 
SCCRSSRTR 
EYNIVTFCC 
Yl-nVTFCCK 
CCKCDSTLR 
25 VCPICSQKP 



E6 (residues 
BS (residues 
E6 (residues 
E6 (residues 
E6 (residues 
E6 (residues 
E6 (residues 
E6 (residues 
E6 (residues 
E6 (residues 
E6 (residues 
E6 (residues 
E6 (residues 
E6 (residues 
E6 (residues 
E7 (residues 
E7 (residues 
E7 (residues 
E7 (residues 



7- 15) 
33- 41) 

37- 45) 

38- 46) 
42- 50) 
59- 67} 

67- 75) 

68- 76) 

69- 77) 

79- 87) 

80- 88) 
107-115) 
140-148) 
143-151) 
145-153) 
. 51- 59) 

52- 60) 
58- 66) 
90- 98) 



1 

41 
9 

42 

43 

44 

45 

46 

47 

11 

49 

54 

63 

56 

57 

59 

60 

61 

64 



«nxe average IC50 value ±SE of the standard 
.the experiments considered ±n this table vzas 



0.8400 

6.7000 

0.0450 

0 . 0022 

0.0084 

0.4700 

0.0074 

0.0037 

0.0030 

0.007 6 

0.4300 

0-0120 

0.0012 

0.0084 

0.0330 

0,0010 

0.0060 

0,0110 

0-0G12 

in the course of 
10 ±3 uM. 
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TABLE XIII: HPV16 E6 and E7 peptides binding to HIxA-A24 in 
iirnm'no chemical assay 

Peptide • protein (region) SEQ binding ratio 

ID NO to standards 



MHQKRTAMF 


E6 


(residues 


1- 


9) 


. 65 


0 


.0049 


LQTTIHDII 


E6 


(residues 


26- 


34) 


6 


0 


.0200 


VYCKQQIiliR 


E6 


(residues 


38- 


46) 


42 


0 


-0011 


LLRREVyDF 


E6 


(residues 


44- 


52) 


66 


0 


.0023 


VYDFAFRDL 


E6 


(residues 


49- 


57) 


67 


0 


• 0610 


PYAVCDKCL 


E6 


(residues 


66- 


74) 


68 


0 


.0055 


KCLKFYSKI 


E6 


(residues 


72- 


80) 


69 


0 


.1100 


EYRHYCYSL 


E6 


(residues 


82- 


90) 


70 


0 


.0460 


HYCYSLYGT 


E6 


(residues 


85- 


93) 


71 


0 


.0037 


CYSLYGTTL 


E6 


(residues 


87- 


95) 


72 


0 


.1200 


RFHNIRGRW 


E6 


(residues 


131- 


139) 


73 


0 


.1000 


RAHYNIVTF 


E7 


(residues 


49- 


57) 


74 


0 


.0670 



# The average IC50 value ±SE of the standard in the course of 
the experiments considered in this table was 22 ±6 nM. 
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SEQUENCE LISTING 

SEQ IB N0:1 

SEQUENCE TYPE: amino acid 

SEQUENCE IiENGTH: 9 ajnino acids 

AlaMetPlieGInAspProGlnGluArg 
1 5 9 

SEQ ID NO: 2 

SEQUENCE TOTE: amino acid 
SEQUENCE LENGTH: 9 amino acids 

LysIieuProGT -nTieuCysThrGluIieu 

15 9. 

SEQ ID NO : 3 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino' acids 

GlnLeuCysThrGluLeuGlnThrThr 
15 9 

SEQ ID NO: 4 

SEQUENCE TYPEt amino acid 

SEQUENCE LENGTH: 9 amino acids 

LeuC^rsThrGliiLeuGlnThrThrile 

1 5 9 . 

SEQ ID N0:5 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 aniino acids 

GluLeuGlnThrThrlleHisAspIle 
1 5 9 

SEQ ID NO: 6 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

LeuGlnThrThrlleHisAspIlelle 
1 5 9 
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SEQ ID N0:7 

SEQUENCE TYPE: amino acid 

SEQUELTCE LENGTH: 9 amino acids 

Thr 1 1 eHi s Aspl 1 el 1 eL euGluCy s 
15 9 

SEQ ID NO: 8 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

IleHisAspllelleLeuGluCysVal 
15 9 

SEQ ID NO:9 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

CysValTyrCysLysGlnGlnLeuLeu 
15 9 

SEQ ID NO: 10 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

PlieAlaPheArgAspLeuCysIleVal 
1 5 9 

SEQ ID NO: 11 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

LysIleSerGluTyrArgHisTyrCys 
15 9 

SEQ ID NO: 12 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

ProLeuCys AspLeuLeuI leArgCys 
1 5 9 
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SEQ ID NO: 13 

SEQUENCE TYPE: amino acid. 

SEQUENCE LENGTET: 9 amino acids 

ThrLeiifiis&luTyxMetljeiiAspIjeu 
1 * 5. 9 

SEQ ID N0:14 

SEQUENCE TYPE: amino acid. 

SEQUENCE LENGTH: 9 amino acids 

TyrMetLenAspLeuGlnProGluThr 
1 5 9 

SEQ ID NO: 15 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

MetLeiiAspLeuGlnProGluTIarThr 
1 5 9 

SEQ ID NO: 16 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

ArgLeuCysValGlnSerThrHisVal 
1 5 9 . 

SEQ ID N0:17 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acidS 

TttrLeuGluAspLeuLeuMetGlyThr 
1 5 9 

SEQ ID N0:18 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

LexiLeuMetGlyDirLeuGlylleVal 
15 9 
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SEQ ID NO: 19 

'SEQUENCE TYPE:- amino acid 

SEQUENCE LENGTH: 9 amino acids 

GlyThrLeuGlyl 1 eValCy s Pr ol 1 e 
15 9 

SEQ ID NO: 20 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

ThrLeuGlyl 1 eValAlaProI 1 eCy s 
15 9 

SEQ ID NO: 21 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

LysLeuProAspLeuCysTlirGliiLeu 
15 9 

SEQ ID NO: 22 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

SerLeuGlnAsplleGluIleThrCys 
15 9 

SEQ ID N0:23 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

LeuGlnAspIleGluIleThrCysVal 
15 9 

SEQ ID NO: 24 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

GluIleTlirCysValTyrCysLysThr 
1 5 9 
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SEQ ID N0:25 

SEQOEKCE TYPE: amino acid 
SEQUENCE l^ENGTa: 9 amino acids 
LvsThrvalLeuGlioLeuThrGluVal 

1 5 ^ 

SEQ ID NO:26 
. SEQUENCE TYPE: amino acid 
SEQUENCE LENGTH: 9 amino acids 
GluLeuThrGluValPheGluPheAla 
1 5 9 

SEQ ID NO: 27 

SEQUENCE TYPE: amino acid 
SEQUENCE LENGTH: 9 amino acids 
PheAlaPHeLysAspLeuPheValVal 
1 5 . 9 

SEQ ID N0i28 

SEQUENCE TYPE: amino acid 
SEQUENCE 3JENGTH: 9 amino acids 
AspThrLeuGluLysLeuThrAsnThr 

SEQ ID NO: 29 

SEQUENCE TYPE: amino acid 
SEQUENCE LENGTH: 9 amino acids 
LeuThrAsnThrGlyLeuTyrAsnLeu 
1 5 9 

SEQ ID NOi30 

SEQUENCE TYPE: amino acid 
SEQUENCE LENGTH: 9 amino acids 
ThrLeuGlnAspIleValLeuHisLeu 



wo 93/22338 4 3 PCT/NL93/00093 

SEQ ID NO: 31 

SEQUENCE TYPE: amino acid 

SEQUENCE liENGTH: 9 amino acids 

PheGlnGlnLeuPheLeiiAsnTtirlieu 
15 9 

SEQ ID NO:32 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

GlnLeuPheljeuAsnThrLeuS erPhe 
15 9 

SEQ ID NO:33 - 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

LeuPheLeuAsnThrLeuSerPheVal 
15 9 

SEQ ID NO: 34 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

LeuSerPhevalCysProTrpCysAla 
15 9 

SEQ ID N0:35 ^ 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

TyxArgAspGlyAsnProTyrAlaVal 
15 9 

SEQ ID NO: 36 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

TrpThrGlyArgCy sMet S erCy s Cy s 
15 9 
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.SEQ ID NO: 37 

SEQX3ENCE TYPE: amino acid 
SEQUENCE LENGTS: 9 amino acids 
MetSerCysCysArgSerSerArgThr 
1 5 ^ 

SEQ ID NO: 38 

SEQUENCE TYPE: amino acid 
SEQUENCE LENGTH: 9 amino acids 
.nironirJ^pLeaTyxcysTy^ 

1 ^ ^ 

SEQ XD NO: 39 

SEQUENCE TYPE: amino acid 
SEQUENCE. I.ENGTH: 9 amino acids 
' GluIleAspGlyProAlaGlyGlnAla 
1 5 ^ 

SEQ ID N0:40 

SEQUENCE TYPE: amino acid 
SEQUENCE LENGTH: 9 amino acids 
HisValAspIleArgmrLeuGluAsp 
i 5 ^ 

SEQ ID N0:4i 

SEQUENCE TYPE: amino acid 
SEQUiSNCE LEIilGTH: 9 amino acids 
IlelleLeuGluCSrsVaiTyrC^sLys 
1 5 ^ 

SEQ ID NO : 42 

SEQUENCE TYPE: amino acid 
SEQUENCE loENGTH: 9 amino acids 
ValTyrCSrsLysGlnGlnlaeuLeuArg 
1 5 ^ 
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SEQ ID NO: 43 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

GlnGlnLGuLeiiArgArgGluValTyr 
1*5. 9 

SEQ ID NO: 44 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

IleValTyxArgAspGlyAsnProTyr 
15 9 

SEQ ID NO: 45 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

' TyxAlaValCysAspLysCysLeuLys 
15 9 

SEQ ID NO: 46 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

AlaValCysAspLysCysLeuLysPhe 
15 9 

SEQ ID NO: 47 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

Va 1 Cy s AspLy s Cy sLeuLy s PheTyr 
15 9 

SEQ ID NO: 48 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

LysPheTyrSerLysIleSerGluTyr 
15 9 
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SEQ ID N0:49 

'SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

IlGSerGluTyxArgHisTyrCy-sTyr 
15 9 

SEQ ID NO: 50 

SEQUENCE TYPE; amino acid 

SEQUENCE LENGTH: 9 amino acids 

ArgHis'I^CysaVrSerLeuTyrGly 
1 5 9 

SEQ ID N0:5i 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

SerLeuTyrGiyThrTlirLeuGluGln 
i 5.9 

SEQ ID N0:52 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

ThrThrLeuGluGlnGln'ryrAsxjLys 
X 5 9 

SEQ ID NO 153 

SEQUENCE TYPE: amino acid 

SEQUENCE LiEKGTH: 9 amino acids 

GlnGlnTifrAsnLysProLeuCysAsp 
X 5 9 

SEQ ID NO:54: 

SEQUENCE TYPE: amino acid 
SEQUENCE LENGTH: 9 aitdjio acids 

LeuIleArgCyslleAsnCysGlnLys . . 

1 5.9 
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SEQ ID NO: 55 

SEQUENCE- TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

HisLeuAspLysLysGlnArgPlieHis 
1 5 9 

SEQ ID NO: 56 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

CysMet Ser CysCy sArgS erS erArg 
15 9 

SEQ ID NO: 57 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

SerCysCysArgSerSerArgThrArg 
15 9 

SEQ ID NO: 58 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

CysCysArgSerSerArgThrArgArg 
15 9 

SEQ ID NO: 59 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

HisTyxAsnlleValThrPlieCysCys . 
15 9 

SEQ ID NO: 60 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

TyxAsnl leValThrPheCy s Cy sLys 
15 9 
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SEQ ID NO: 61 

SEQUEITCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

CysCysIjysC7sAspSerThrLeuArg 
1 5 9 

SEQ ID N0:62 

SEQUENCE TYPE: amino acid 

SEQUENCE IiENGCT:: 9 amino acids 

LysCysAspSerThrLeiiArgLenCy's 
i 5 9 

SEQ ID NO:63 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

ThrGlyArgCy-sMetSerCYsCysArg 
15 9 

SEQ ID N0:64 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

ValCysProIleCysSerGlnLysPro 
1 5 9 

SEQ ID N0r65 ^ 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

MetHisGlnLy^ArgThrAlaMetPiie 
1 5 9 

SEQ ID NO: 66 

SEQUENCE TYPEr amino acid 

SEQUENCE LENGTH: 9 amino acids 

LeuLexiArgArgGluValTyrAspPiie 
15 9 
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. SEQ ID NO: 67 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

Val lyrAspPheAlaPheArgAspL eu 
15 9 

SEQ ID NO: 68 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

PheTyxAlaValCysAspLysCysLeu 
15 9 

SEQ ID NO: 69 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

LysCysLeuLysPheiyrS erLysI le 
15 9 

SEQ ID NO:70 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

GluTyrArgHisTyrCysTyrSerLeu 
15 9 

SEQ ID N0:71 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

HisOyrC^^rsTyrSerLeuTyrGlyTlir 
15 9 

SEQ ID N0:72 

SEQUENCE TYPE: amino acid 

SEQUENCE LENGTH: 9 amino acids 

CysiyrSerLeuTyxGlyThrTtLrLeu 
15 9 
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SEQ ID N0:73 

SEQUENCE TYPE: amino acid 
SEQUENCE LENGTH: 9 amino acids 
ArapneHisAsnlleArgGLyArgTrp 
i ■ 5 - 9 

SEQ U) NO:74 

SEQUENCE TYPE: amino acid 
SEQUENCE liENGTH: 9 amino acids 
ArgAlaHisTyrAsnlleValThrPHe 
1 5. 9 
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CLAIMS 

1. A peptide coirprising an amino acid secjuence derived 

from a protein of hioinan papilloma virus (HPV) , wherein said 
amino acid sequence has the alDility to bind to a human Major 
Histocon^atibility Complex (MHC) Class I molecule. 
5 2. A peptide according to claim l, wherein said amino acid 
sequence is derived from protein E6 or E7 of HPV16. 

3. A peptide according to claim l, wherein said amino acid 
sequence is derived from protein E6 or E7 of HPV18. 

4. A peptide according to claim 1 or claim 2 or claim 3, 
10 wherein said amino acid sequence has the ability to bind to 

•human MHC Class I allele HIiA-A2.1. 
5- A peptide according to claim l, comprising an amino acid 
sequence derived from protein E6 or E7 of HPV16, wherein said 
amino acid sequence has the ability to bind to human MHC Class I 
15 allele HIiA-A2.l and is selected from the group consisting of: 



AMFQDPQER 


(residues 


7- 


15 


of 


HP VI 6 


protein 


E6) 


KLPQLCTEL 


(residues 


18- 


26 


of 


HPV16 


protein 


£6) 


QLCTELQTT 


(residues 


21- 


29 


Of 


HPV16 


protein 


E6) 


LCTELQTTI 


(residues 


22- 


30 


of 


HPV16 


protein 


E6) 


ELQrriHDI 


(residues 


25- 


33 


Of 


HPV16 


protein 


E6) 


LQTTIHDII 


(residues 


26- 


34 


of 


HPV16 


protein 


E6) 


TIHDIILEC 


(residues 


29- 


37 


of 


HPV16 


protein 


E6) 


IHDIIIiECV 


(residues 


30- 


38 


of 


HPV16 


protein 


E6) 


CVYCKQQIiL 


(residues 


37- 


45 


of 


HPV16 


protein 


E6) 


PAFRDLCIV 


(residues 


52- 


60 


of 


HPV16 


protein 


E6) 


KISEYRHYC 


(residues 


79- 


87 


of 


HPV16 


protein 


E6) 


PLCDLIilRC 


(residues 


102- 


110 


of 


HPV16 


protein 


E6) 


TLECEYMLDL 


(residues 


7- 


15 


of 


HPV16 


protein 


E7) 


YMUDIjQPET 


(residues 


11- 


19 


of 


HPV16 


protein 


E7) 


MLiDIiQPETT 


(residues 


12- 


20 


of 


HPV16 


protein 


E7) 


RLCVQSTHV 


(residues 


66- 


74 


of 


HPV16 


protein 


E7) 


TLEDIiLMGT 


(residues 


78- 


86 


of 


HPV16 


protein 


E7) 


LliMGTLGIV 


(residues 


82- 


90 


of 


HP VI 6 


protein 


E7) 
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GTLGXVCPX (residues 85 - 93 of HPVX6 . protexn 
^IVCPIC (residues 86- 9.4 of HPVie protexn m) , and 
n^I^ent, ixcolcg. isofor., derivative, genetic varxant 
o. ^^"e variant of an. one of t.ese ^-no .cid^s^^^^^^ 
wniclx has tlxe al^ility to bind to huxnan MHC Class i allele HIA 

f'"' A peptide according to clain. 1, .comprising an a^ino acid 

ec^ence derived fro. protein ES or of HWlB^rexn saxd 
JLa acid se^ence has the ^ility to bind to ^^^"^^^ 
allele HlA-i^.l and is selected frora the group cons.stxng of . 

KLHDLC^ (residues 13- -21 of HPV18 protexn E6 
SLQDIEITC (residues 24- 32 of protein E6 

LQDIEITCT (residues 25- 33 of HPV18 protein E6 
EITCVYCKT (residues 29- 37 of HPV18 protein E6) 
KTVLELTEV (residues 36- 44 of HPVi8 protein E6) 
ELTEVFEFA (residues 40- 48 of HPV18 protein E6y 
FAFKDLFW (residues 47- 55 of HPV18 protein E6) 
DTLEKLTNT (residues 88- 96 of HPV18 protein E6) 
i^rmxsLYm. (residues 93-:loi of hpvis protein E6) 
TLQDXVim. (residues 7- 15 of HPV18 protein K7) 
FQQLFIim. (residues 86- 94 of HPV18 protein E7) 
QLFIiim.SF (residues 88- 96 of HPV18 protein E7) 
LFUm-SFV (residues 89 - 97 of . HPV18 protein K7 ) 
LSFVCPWCA (residues 94-102 of HPV18 protein E7) , and 
a fragment, homolog, isoform. derivative, genetxc 
variant or conservative variant of any one of these andno acxd 
sequences which has the ability to bind to hunan MHC Class I 
allele H--- ^^^^ ^^^^^ ^^^^^^ 3aid axnino acid 

seciuence has the ability to bind to bun^ MHC Class l allele HIA- 

A peptide according to claim 1, comprising an amino acid 
sequence derived from protein E6 or of H^16, wherein said 
aSno acid sequence has the ability to bind to huir^ MHC Class x 
5 allele HIA-Al and is selected from tbe group consisting of: 
YEDGKPYAV (residues 61- 69 of HPV16 protexn B6) 



) 

Al 
8 
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WTGRCMSCC (residues 139-147 of HPV16 protein E6) 
MSCCRSSRT (residues 144-152 of HPV16 protein E6) 
TTDIiYCYEQ (residues 19- 27 of HPV16 protein E7) 
EIDGPAGQA (residues 37- 45 of HPV16 protein E7) 
HVDIRTIiED (residues 73- 81 of HPV16 protein E7) , and 
a fragment, homolog, isoforcn, derivative, genetic 
variant or conservative variant of any one of these amino acid 
sequences which has the ability to bind to human MHC Class I 
allele HIA-Al. 

9. A peptide according to claim l, wherein said amino acid 
sequence has the ability to bind to human MHC Class I allele HLA- 
A3.2. 

10. A peptide according to claim 1, comprising an amino acid ^ 
sequence derived from protein E6 or E7 of HPV16, wherein said 
amino acid sequence has the ability to bind to human MHC Class I 
allele HLA-A3,2 and is selected from the group consisting of: 
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15 
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HPV16 protein E6) 


IIIiECVYCK 
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41 


Of 
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protein E6) 


CVYCKQQUj 


(residues 
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45 


Of 
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protein E6) 


VYCKQQIiLR 


(residues 


38- 


46 


of 


HPV16 


protein E6) 


QQIiLiRREVY 


(residues 


42- 


50 


Of 


HP VI 6 


protein E6) 


IVYRDGNPY 


(residues 


59- 


67 


of 


HP^16 protein E6) 


YAVCDKCIiK 


(residues 


€7- 


75 


of 


HPV16 


protein E6) 


AVCDKCLKF 


(residues 


68- 


76 


of 


HPV16 


protein E6) 


VCDKCLKFY 


(residues 


69- 


77 


of 


HPV16 


protein E6; 


KFYSKISEY 


(residues 


75- 


83 


of 


HPV16 


protein E61 


KISEYRHYC 


(residues 


79- 


87 


of 


HPV16 


protein E6 


ISEYRHYCY 


(residues 


80- 


88 


of 


HP VI 6 


protein E6' 


RETSfCYSLYG 


(residues 


84- 


92 


of 


HPV16 


protein E6 


SIiYGTITiEQ 


(residues 


89- 


97 


of 


HPV16 


protein E6 


TTLEQQYNK 


(residues 


93- 


101 


of 


HPV16 


protein E6 


QQYWKPIiCD 


(residues 


97- 


105 


of 


HPV16 


protein E6 


LrRCINCQK 


(residues 


107- 


115 


of 


HPV16 


protein E6 


HLDKKQRFH 


(residues 


125- 


133 


of 


HPV16 


protein E6 


CMSCCRSSR 


(residues 


143- 


151 


of 


HP VI 6 


protein E6 


SCCRSSRTR 


(residues 
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of 


HP VI 6 


protein E6 
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CCRSSRTER (residues 146-154 of HPV16 protein E6) 
HYKMCC (residues- 51- 59 - of HPV16 protein E7 
.QIIVTFCCK (residues 52- 60 of HPV16 protein Er7) 
CGKCDSTLR (residues 58- 66 of HPV16 protein E7) 
KCDSTLRLC (residues 60- 68 of HPV16 protein E7) , and 
a fragment, Homolog, isoform. derivative, genet3.c 
^riant or conservative variant of any one of tlxese anono acxd 
I^c^ences tlxe al3ility to bind to ixunan MHC Class x 

^lele H--- ^^^^ ^^^^ „ 3aid an^o acid 

se^ence L ability to bind to MEC Class X allele HI^- 

t^""' * A peptide according to claim i, cor^rising an axnino acid 
. sequence derived from protein m or ^ of H.^16, wlxerein saxd 
sequence ability to bind to human MHC Class I 

amino acid sequence has the abiXxty i:o « 

allele HIA-All.2 ^nd is selected from the group consxstxng of. 

i^QDPQER (residues 7- 15 of HPV16 protexn E6) 
III^CVYCK (residues 33- 41 of HW16 protein E6) 
CVYCKQQLL (residues 37 - 45 of HPV16 protein E6) 
VYCKQQLI^ (residues 38- 46 of HEV16 protein E6) 
QQiiRREVY (residues 42- 50 of HPV16 protein E6) 
IVYKDGNPY (residues 59- 67 of HPV16 protein E6) 
YAVCDKCLK (residues 67- 75 of HPV16 protein E6) 
AVCDKCLKF (residues 68- 76 of HPV16 protein E6) 
VCDKCLKFY (residues 69- 77 of HPV16 protein E6) 
KISEIRHYC (residues 79- 87 of HPV16 protein E6) 
ISEYRHIcy (residues 80- 88 of HPV16 protein E6) 
LIRCINCQK (residues 107-115 of HPV16 protein E6) 
TGRCMSCCR (residues 140-148 of .HPV16 protein E6) 
CMSCCRSSR (residues 143-151 of HPV16 protein E6) 
SCCRSSR.tr (residues 145-153 of HPV16 protein E6) 
HYNXVTFCC (residues 51- 59 Of HPVie protein K7) 
mCVTFCCK (residues 52- 60 of HPV16 protein E7) 
CCKCDSTLR- (residues 58- 66 of HPV16 protein E7) 
VCPICSQKP (residues 90- 98 of HPV16 protein E7) , and 
a fragment, homolog, isoform, derivative, genetxc 
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15 



-20 



25 



30 



variant or conservative variant of any one of these amino acid 
sequences which has the ability to bind to human MHC Class I 
allele HliA-All.2, 

13. A peptide according to claim l, wherein said amino acid 
sequence has the ability to bind to human MHC Class I allele HLA- 
A24, 

14 . A peptide according to claim 1., comprising an amino acid 
sequence derived from protein E6 or E7 of HPV16, wherein said 
amino acid sequence has the ability to bind to human MHC Class I 
allele HIiA-A24 and is selected from the group consisting of: 
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(residues 
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protein 
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protein 
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protein 
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protein 
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HPV16 


protein 


E7 ) , and 
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a fragment, homolog, isoform, derivative, genetic 
variant or conservative variant of any one of these amino acid 
sequences which has the ability to bind to human MHC Class I 
allele HliA-A24. 

15. A peptide according to any one of the claims 1-14, 
having a length of from 9 to 12 amino acids. 

16. A pharmaceutical composition containing a 
prophylactically or therapeutically effective amount of a peptide 
according to any one of the claims 1-15, and a pharmaceutically 
acceptable carrier, diluent, excipient or adjuvant. 

17 • A pharmaceutical conposition containing a 

prophylacticaJ-ly or therapeutically effective amount of a peptide 
according to any one of the claims 1-15 which is able to induce a 
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T cell response effective against HPV. and a pharmaceutically 
acceptable carrier, diluent, excipient or adjuvant. 
, a A pharmaceutical coii©osition containing a 

pr^phylactically or therapeutically effective amount of - ^^^jf^ 
TZrl^ .o any one of the claims 1-15 which is al.le to in^ce a 
HIA class l-restricted CDS* cytotoxic T cell response effective 
against HPV, and a phannaceutically acceptable carrier, diluent, 
excipient or adjuvant* 

Z A method of prophylactic or nherapeutic ^r^t^ent of 

cereal carctoo^a on^ HPV-relat^ diaeases „it^ a «»an 

individual, co^^rising administering to said hunan ^■"^^-'^ ^de 
propl-ylactically or therapeutically effective amount of a p^tida 
according to any one of the claims 1-I5v 

according ^ ^ y^^^ prophylactic or therapeutic treatment of 
ce;vical carcinoma an* other HPV-related diseases 
individual, con^rising administering to said human individual a 
prophylactically or therapeutically effective 

Lunogenic form of a peptide according to any one of the cla^ 
1-15 wLch is able to induce a T cell response effective against 



20 HPV- 



25 



21 ' K method of prophylactic or therapeutic treatment of 

ce^ical carcinoma and other HPV-related diseases with a 
individual, comnrising administering to said human individual a 
prophylactically or therapeutically effective amount of an 
LLogenic form of a peptide according to any one of ^ -^-^ 
i-15 which is able to induce a mA class I-restricted CDS 
cytotoxic T cell response effective against HPV. 

22 A peptide according to any one of claims 1-15 for 
prophylactically or therapeutically inducing in a human 
a ^class l-restricted CDS* cytotoxic T cell response effective 

against HFV, ^ . -. ic 

23 use of a peptide according to any one of claims 1-15 
for preparing a pharmaceutical composition for prophylactically or 
therapeutically inducing in a human individual a HIA ^l^ss I- 
restrlcted CDS* cytotoxic T cell response effective against HPV. 



30 

against HFV 
23 
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